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(54) nasties material mesh stnieture 

(57) In orderto produce an Intarmedi- 
ate structure which has high strength In 
the direction of orientated strands with 
continuous orientated matenal extend- 
ing from one end of the structure to the 



other, and in orderto produce a final 
structure which has good tear strength 
and impact strength at each {unction, 
plastics material mesh structures are 
made by providing a starting material 1 
having a pattern of primary holes or 
depressions 2 and smaller secondary 
holes ord^ressions 3 between the 
primary holes or depressions 2, and 
stretching the plastics material to orien- 
tate the zones between adjacent holes 
or depressions 2,3 to form orientated 
strands. A first stretch in a single direc- 
tion produces intermediate structures 
such as those shown in Figures '\b and 
22d, having first mesh openings 4 and 
smaller second mesh openings 5. A 
sut>sequent stretch at right angles to 
the first stretch produces the structures 
such as those shown in Rgures Ic or 
22c hsving main orientated strands 8 
and 11 or 23 interconnected by shorter 
orientated strands 1 0 or 25 and 29 
arranged in such a way that only three 
strands meet at any Junction. 



1-^ 



fO 0 O O 0 o 

' o'o e o 
o o o o 
o o Q q o 
'o'o o o o 
0 o o o e 



2 
3 



FIG. la 



f8-rs^ 

o - < 
o • o 

• 0*4 

tt • 0 

• O • I 
Q • O 

• O * ( 

o » o_ 



■arrr-n 



g • O 

• O • 

• o - o 
. 0 • o 



V 



FIG. 22a. 




u 5 




FIG.22b. 



FIG. 22c, 



20S6531 



VII 



0 6 o e ^ 

0 
0 

o 
o 



e 0 
e o 



^ a a c 0 



FIG. la 



A 5 




FIG.Ic 




FIG. lb 




FIG. Id 



oo a. 
o°cA3 

FIG.2a. 



2096531 




2096531 




Fl G 3a 



20S6531 



i/n 




2QSS531 




2096531 




OOGj- 

FIG.9a. 



E 

FIG.IOa. 

'1$ioiO 

FIG.lla. 2 

2 15 ? 1 




FIG 9b. 




FIG.10b. 




□ DDDD 



FIG.IIb. 



FIG.11C. 



FIG.12a. 




□ □□□Q 



FIG.12b, 




FIG.13a. 



20S6531 



7/11 




26SS531 



1/1) 




2096531 





FIG.21b. 



• 0 • 

o » o 

. o • 

o • o 

• o • 
o • o 

. o > 

0_* Q_ 



17' 



o > 
• p 



FIG. 22a. 




FIG.21a. 



Ml 



23 



FIG.22b. 




FIG. 22c. 



DTD 



O 



O'O 



O 



0:0 

FlG.23a. 



2095531 




20C6531 



n/n 



fx 



Ml 



26 




23 



U 2 3 



° 1 

i 

FIG.26b. FIG.27^ 
FIG.26a. FIG.27b. 




4 
26 



[ 

1 



25 U 

FIG. 28. 



1 



GB2(»6531 A 1 



SPECIFICATION 

Plastics material mash struoture 

5 Deftnftlons ^ , 5 

The term "substantially unlplanar" can include material exhibiting some biplanar characteristics such as 
Integrally extruded net where the strand central axes lie in two planes separated by about 50% of the strand 
depth. 

The terms "rectangular" Incliides square. 
10 The term "paralleglogram" Indudes rhombus-shaped, rectangular and square. 10 
The term "smaller" when referred to the openings or recesses means that the periphery Is of shorter 

The term "orientated" means moleculariy orientated. In general, when an orientated strand Is referred to, 
the preferred direction or orientation Is longitudinally of the strand. 

15 The terms "uniax" and "blax" mean uniaxially-stretched and biaxlaily-stretched, respectively. is 
The terms "N-S" and "E-W" mean "north-south" and "east-west" and normally correspond lo the fi rst 
and second directions, which are also refenred to. These terms are used for convenience to denote two 
directions at right angles on a starting material or mesh structure. 
Where "E-W rows" are referred to, the rows are those which extend in the E-W direction although the 

20 Individual strands In an E-W row would themseh^es extend N-S, If a stretching operation is being described, 20 
the first effective stretch is in the N-S direction and the second effectivo stretch (if any) Is usually in the E-W 
direction. However, these dirBctlons are only notional, and the actual directions on a production machine can 
be chosen as suitable -for example the N-S direction can be machine direction (MD), transverse direction 
(TD), or any other suitable direction. . ^ , x u * ^ i 

25 The terms "thick", "thin" and "thickness", refer to the dimension normal to the plane of the material or 25 
mesh smjcture and the term "width" refers to the appropriate dimension in the plane of the material or 
mesh structure, The thickness of the starting material or of the mesh structure is the distance between the 
extreme faces of the material or mesh structu re. TTie thickness or depth of a strand rs the thickness of the 
strand cross-section, but ignoring raised edges. Particularly If the original holes or depressions have no 

30 radlusslng where they issue at the faces of the sheet, the strands will have a "pin-cushion" cross^cdon, 30 
with raised edges and lower centres; the thickness or depth will be as measured Inwardly of the raised 
edges. 

Stretch ratios are either given overall or "on the strands", if they are given on the strands, they are 
measured by measuring the distance moved by the respective ends of the openings on eHher side of the 
35 strand. The ratios are as measured after relaxation. 35 
"PP" is polypropylene and "HOPE" Is high density polyethylene. 
The depressions are not necessarily fonried by the application of pressure. 

Background of the Invention ^ ^ x » 

40 The present Invention relates to Integral plastics material mesh structures and methods of producing the 40 
structures. GB 2 035 191 A and GB 2 073 090A described first generation mesh structures, which are 
respectively Wax and unlax. Although the first generation structures have been successful commercially, it is 
possible to Improve their properties. For instance, orientated PP has very good properties at low 
temperatures, but is very susceptible to cracking or splitting if bentalong bend lines running parallel to the 
46 orientation; increasing the etretch ratio in HDPE structures improves the physical propertiw, but stretch 
ratios on the strands In excess of arcund 8:1 gives the same cracking or splitting problem. Furthennore, it is 
desirable to increase the tensile strength, the Young's modulus, the resistance to long term creep and 
rupture, the relative stiffness and the tensile force per metre width per kilogram; the latter is a good 
parameter for measuring mesh structures for many uses where high strength is required, particulariy In just 
50 one direction. 

The Invention ^ ^ ^ .r__*u 

The present Invention provides structures as set forth in Claims 1, 7, 14, 29, 30 and 31, methods as set forth 
In Claims 1, 27, 28 and 32, and extends to a composite structure as set forth in Claim 33. The remaining 

55 Claims setforthprefenred features of the invention. 55 
The structure of Claim 1 1s a blax structure whereasthe structures ofaalms 7 and 14 are uniax structures. 
The structures of Claims 7 and 14 are in general made from similar starting materials which however differ in 
the relation f the grid of primary holes or depressions to th stretching direction. The nonnnal starting 
material for the structure of Claim 7 has the primar/ holes or depressions on a rectangular grid, and the 

60 starting material is stretched In a direction substantially parallel to a side of tii grid. Such starting materials 60 
are referred to colloquially as "square form" starting materials, and are ref rred to as such In tlie 
specification, tiie structures produced from the starting materials being referred to as "square form 
structures. The normal starting material for the structure of Claim 14 has the primary holes or depressions on 
a parallel gram grid, and the starting material Is stretched In a direction substantially parallel to a diagonal 

65 of the grid. Such starting materials are referred to colloquially and as "diamond fonm" starting materials, 65 
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and are referred to as such In the specrficati n, the structures produced from the atarftng matBrials being 
referred to as ''diamond form" structures. 

Biax Structures of the Invention 
5 The provision of only three strands at each junction gives good tear strength and impact strength at each 5 
Junction, and the structures can be arranged so that they rupture across the strands and not at the junctions, 
Indicating that the Ju notions are stronger than the strands. The crotches bordering the pH mary and 
secondary openings can all be orientated, thereby ensuring that there Is a ring of orientated material around 
all the mesh openings; the whole structure Is then made up of rings of orientated materlalr which can be very 

10 highly orientated if desired, interconnected by junctions at which only three strands meet. However, 10 
although each crotch between adjacent strands can be onentated In the direction running round the crotch, 
there can be in the crotch a zone of plastics material which is substantially (ess orientated than the 
mid-points of the strands which meet at the crotch, because such a zone 1 mpedes the initiation of a tear at the 
crotch. The junctions themselves can be merely continuations of the strands, i.e. having no substantial area 

15 ofthelrownexceptforradiussing betweenadJacentstrands,ormay baintheformoftriangularwidenings. 15 
The biax mesh structures can be suitable for a number of uses. It Is particularly suHable for very I rght 
weight structures such as garden netting, and can have a good appearance. However, heavier structures can 
be provided, for instance for fishing nets or even of sufficient strength to be used as stock fencing. One use of 
the biax square form structures, is as asphalt reinforcing; the structure is preferably unbalanced with the 

20 direction of higher orientation transverse of traffic movement For asphalt reinforcing, the highest pos^'ble 20 
tensile figures are required in the transversa direction to prevent rutting, but there should be sufficient 
strength in the direction of traffic movement to prevent the mesh structure breaking up. 

Uniax Square Form Structures of the Invention 

26 The uniax square form structures can have high strengtii In the direction of the strands with continuous 25 
orientated material extending from one end of the structure to the other. Compared to the uniax structure of 
GB 2 073 090Ar the uniax square form structures of the Invention can be orientated to a much greater degree 
by applying much greater overall stretch ratios, can have lower unit weights, higher tensile strengths, 
greater creep resistance and straighter load/extension curves. A great advantage Is that the E-W bars in GB 2 

30 073 090A are Interrupted, there being no continuous E-W parts extending across the structure. Thus the 30 
structure can be folded N-S without folding unorientated material (which Is very difficult] orfoidlng 
orientated material along fold lines parallel to the orientation; the folding occurs normally by bending the 
second strands at a large angle to the orientation, vi4i!ch does not greatly risk splitting the second strands. 
Thus the mesh structure can be highly orientated without a great risk of splitting, and can be roughly 

3S handled In use and laid on stoney ground without a great danger of the mesh structure breaking up due to 35 
N-S folding or shear forces In the N-S direction* 

Another use for the uniax square form structures Is for strengthening or reinforcing cement or concrete to 
form composites. Cement Is defined as a mbctursfomned of actual cement and an aggregate not exceeding 
5 mm In particle size, which aggregate could be for instance sand, fly ash or limestone powder. Concrete Is a 

40 mixture formed of actual cement, an aggregate as above and a larger aggregate which can be up to 20 mm in 40 
particle size. The mesh structure can have a stiffness of the order of the matrix, and thus can be used not onh^ 
as a crack control material but also as a reinforcement material, provided Its modulus is high enough. In 
particular, as a crack-control material, the mesh structures can perform as welt as steel, and have the 
advantage that they do not corrode and so can be nearer outer faces of the cement or concrete. Furthermore, 

46 they are particularly useful in situations where the cement or concrete must resist explosions or heavy 45 
impacts. 

The uniax square mesh structures can also be used for embankment and cutting stabilisation. In this 

connection, the structure can provide good tensile strength properties per unit width per unit weight as well 

as good rupture and creep properties. 
50 60 

Unl^ Diamond Form Structures of the Invention 
The uniax diamond form structures can have an excellent appearance and good tensile properties In the 

direction of the strands, and can thus be used for instance for sun-shading material, crop-shading nets or 

even embankment stabilisation. 
55 55 

Preferred Embodiments 

The invention will be further described, byway f exampi , with reference to the accompanying drawings, 
of which: 

figures la to /</show schematlcallY four stages in the production of a biax square form mesh structure In 
60 aoc rdance with the Invention, forming a uniax mash structure as an intermediate product; 60 
Figures 2a to 2c show, on a larger scale, th ree stages in the production of the biax structura. Figures 2d, 2e 
and 2/are sections along the lines IID - IID, HE - HE and IIF - IIF in Figure2b, Figures 2g and 2h show two 
alternative uniax structures, F/j^am^/shows an aitemath^e biax structure; 
Figures 3a and 3b show two stages In the production of a different biax square form mesh structure, on a 
65 larger scale, and Figure Scshows a second mesh opening of the structure, on a yet larger scale; 65 
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Figures 4aVi 21b show further square form starting materlala and unlax structures pr duced therefrom, 
and also s me Wax structures produced therefrom; 

Figures 22a to 22c show schematically three stages In the production of a biax diamond form mesh 
structure m accordance with the Invention, forming a unlax mesh structure as an Intermediate product; 

Figures 23a to 23c show three stages In the production of the Wax diamond form structure, on a larger 5 
scale, while Figure 23d shows a slightly different starting material and Figure 23e shows a second mesh 
opening ofthe structure, on a yet larger scale; 

Figures 24aXo27b show various further diamond mesh starting materials and uniax structures produced 
tiierefrom as well as one Wax structure produced therefrom; 

Figure shows examples of holes or depression shapes for the starting materials; 10 

Figure 29 shows an arrangement for the edge of the starting material; 

Figure 30 is a vertical section through an embankment staWlised In accordance with the Invention; 
Figure 3 Ms a vertical section tiirough a road surface reinforced in accordance with the Invention; and 
Figure 32 is a vertical section through a cement or concrete block reinforced In accordance with the 
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F/gureslatD /</ and 22a to 22c are schematic. Rgures 26, 2</,2e, 2^, 2A, 2/, 36,3c, 4/»,5i?, 16b,^7b,a^^d22b 
were drawn from laboratory samples, tiiough variations were noted across tiie width of tfie sample. The 
remaining Figures showing unlax or biax structures are theoreticaL ^ ^ ,u 

In tiio respective Rgures, the lines which Indicate the profile of the structure extend up and down the 
20 slope, following the line of maximum gradient, i.e. at right anglesto conventional contour Imes. 20 

All the starting material shown In the drawings are strictly uniplanar, having flat, parallel faces, and the 
unlax and biax structures produced therefrom are strictly uniplanar. 

Square Form Starting Maten'ais end Structures ^ . ^ . o 

25 Figure la shows a starting material 1 comprising a regular pattem of primary holes or depressions 2 25 
having their centres on a notional substantially parallelogram grid, and, between tiie primary noles or 
depressions 2, secondary holes or depressions 3 having tfieir centres on substantially the same grid but 
displaced along tiie diagonal of the grid by at least approximately half the distance between tije primary 
holes or depressions 2 which are adjacent in the diagonal sense. Thus there is a secondary hole or 

30 depression 3 in the centre of groups of four adjacent primary holes or depressions 2. More specifically, the 30 
grid shown in Figure la Is e square grid. . . ^ . . . - , *u 

The starting material 1 is stretched N-S, i.e. in a direction parallel to a side of the grid, forming the uniax 
mesh structure of Rgure ^b. This unlax mesh structure is shown as having first mesh openmgs 4 and second 
mesh openings which are substantially smaller. ^ ^ ^ xr=. -1 »i.t« ki=.^ oe 

35 The unlax mesh structure Is tiien streti^ed E-W, forming the Wax mesh structure of Figure 1c, and this biax 35 
mesh structure Is then stretched again N-S, forming the biax structure of Rgure 1</. - ^ . 

For background Information on stretching plastics material to form orientated strands, GB 2 035 191 A and 
GB 2 073 090A, mentioned above, can be referred to. However, Rgure 2b corrresponds to Rgure 'lb and 
shows that after the first stretching operation (tiie exact stretching conditions are asfor structure 5 of the 

40 Table below), there are zones 6 of unorientated material and further crotch zones 7 of materia which Is erther 40 
unorientated or less orientated than that of first strands 8, the zones 6 and 7 being substantially tiiicker than 
tiiB strands 8 and having inclined surfaces (indicted by the shade lines) wherey they merge with the 
orientated zones or the strands 8. in tiie specific case illustrated, the centres of the zones 6 have the thidmess 
of the starting material. Reference can be made to Figures 2c/and 2efor the profiles of the zones 6 and 7. 

46 Actualthlcknessesatvarious points on Figure 2^> are shown In millimetres. Thezones 7 are beneficial, acting 4S 
as tear stoppers, tiiough would not be essential In all cases. Junctions or Interconnecting portions are 
formed by the zones 6 and the narrow orientated zones 9; the zones 9 provide the E-W ends of tiie 
Interconnecting portions 6, 9. The first strands 8 are connected to tiie junctions by short forlcs, legs or second 
strands 10. It will be seen tiiat tiie orientated zones Sextend rightthrough the junctions and Interconnecttiie 

50 alIgnedfir5l5trand88,Thematerialofftiietransver3ebar8(beiweentherowsofprimaryholesor ^ ^0 
depressions 2) has not only been orientated, but has In effect been pulled out to form the second strands 1 0, 
the second strands 10 being substantially shorter tiian the first strands 8. A relatively high stretch ratio has 
been applied to continuous banda of material which extend generally N-S right tiirough tiie structure, a band 
being formed by a first strand 8, a second strand 10, a zone 9, a second strand 10, aflrst strand 8 and so on 

55 as indicated by the dashed line In Rgure 2b, sectioned In Rgure 2ft tiiere Is a slight lump or thickening at the 55 
zones 9 but this could b drawn out by altering the starting material to have wider second strands 10. in spite 
of this, the structure can be flexed about an N-S bend line wittiout great risk of cracking. On flexing, the z nes 
6 do not bend as tiiey are discontinuous E-W, and tiie second strands 1 0 bend roughly at 45 to ttieir 

60 '° R^ure 2S sh'^w^ a slightly different HOPE, unlax mesh structure which was made from the Rgure 2a 60 
starting material, the exact conditions being as far structure 4of tiie Table below. It has been f und that m 
ottler to produce this structure in HOPE (high density polyethylene), an overall stretch ratio of 5:1 to 8:1, 
preferably 7:1 to 8:1, can be applied (tiie possible maximum overall stretch rati would only be about 4.5:1 if 
tiie secondary openings r recesses 3 were not present). The centre portion ftiie strands 8 will have be 

65 subjectedto a stretch retio of 12:1 to 15:1. 



4 



GB 2096531 A 



4 



The second strands 10 are rather shorter than in Figure 2d, caused by using HOPE Instea of PP. The dashed 
line Is taken along a band referred to above. 

In Rgure 2h the second strands 10 have stretched significantly less than the first strands 8. However, 
substantially sTmflar stretch ratios can be obtained on the strands 8, 10 (U. the strands 8, 1 0 can be 
S orientated to substantially the same degree) by suitable pitching of the holes or depressions 2, 3 so that the 5 
width X of the zone which forms the strands 8 {Figure 2a) Is roughly double the wid^ of the zone / which 
forms the strands 10; f n practice It Is found that 2/should be rather less than x because of the stress being 
divided attha secondary hole 3. 

It should be noted In respect of the unf ax structure of Rgure 2/»thattherelsa tendency to shorten In the 
10 E-'W direction on stretching, and the second mesh openings 5 can decrease in width. Figure 2g Is included to 10 
showthatthls can occur to such an extentthatthe second mesh openings B close right up in the middle, or 
even become closed silts. 

in general terms, the unlax structures of Rgures 2b, 2</and 2e comprise E-W rows of spaced, orientated 
first strands 8, each first strand 8 extending generally In the N-S direction; the first strands 8 of one row are 

1 S generally aligned with respective first strands 8 of the next row (see Figure 2e). The structures also comprise ^ 5 
orientated second strands 1 0, each end of each first strand 8 forking Into a pair of second strands 10. The 
structures further comprise E-W rows of interconnecting portions 6, 9 comprising either unorlentated zones 
6 or zones 6 which are substantially less orientated than the mld-polnts of the first strands 8; each 
interconnecting portion 6, 9 is generally aligned in the N-S direction with a first mesh opening 4formed 

20 between two first strands 8; respective E-W ends 9 of the interconnecting portion 6, 9 merge with the ends of 20 
two second strands 10 which fork from two adjacent first stands 8 of the same E-W row; the respective E-W 
ends 9 of each interconnecting portion 6, 9 are also connected to two second strands 1 0 which In turn fork 
from two first stands 8 of the next E-W row of first strands. 
The first mesh openings 4 are bounded essentially i)y two adjacent first strands 8 of the same E-W row, 

25 two interconnecting portions 6, 9 of adjacent E-W rows of interconnecting portions and four second strands 25 
1 0forldng firom the ends of the two first strands 8. The second mesh openings 6 are formed in general 
alignment with respective first strands 8 In the N-5 direction, bounded in part by a pair of second strands 10 
which fork from the ex\d of the same first strand 8. 
Rgure 2c corresponds to Rgure la The second mesh opening 5 has changed shape. The zones 6 (Figure 

30 2a) have been drawn out Into strands 1 1 . The zones 7 have been stretched out {either Just before or Just after 30 
the zones 6]. The only thicker zones remaining are zones 1 2 at the ends of the second mesh openings 5, 
which, having already been orientated to form the zones 9 dunng the first stretching operation (Rgure 2b), 
will be formed of orientated material which however is not as much orientated as that of the strands 8, 1 1. 
The overall stretch ratio imparted In the second stretching operation (E-W) can be 7:1 if the overall stretch 

3B ratIowas3:1 in the first stretching operatic n{N-6], firstly to align the strands 10 and then to orientate, 35 
thereby stretching the strands 1 1 to the same stretch ratio as that of the strands 8, approximately equal 
stretch ratios In the strands 8, 11, or even in all the strands 8, 10 and 1 1, being preferred, in order to produce 
the biax structure of Rgu re 2c as described above, there should be no restrain in the N-S direction when 
stretching E-W. 

40 In general terms, the mesh stru^ure of Rgure 2c has a pattern of generally octagonal first openings 4 and 40 
second mesh openings 5 which ere substontlally smaller than thefirst mesh openings 4 (see /7]^</ra 7c), The 
sides of the first mesh openings 4 are formed alternately by orientated second strands 10 which are common 
to a first mesh opening 4 and to a second mesh opening 5 and by orientated strands 8, 1 1 which are common 
to two first mesh openings 4. Each mesh opening 4, 5 is bounded essentially between a plurality of 

45 orientated strands 8, 10, 1 1 which are interconnected at respective lunctions at each of which only three 45 
strands meet 

In the N-S Junctions shown in Rgure 2c, all three crotches are highly orientated in the direction running 
around the crotch. In the E-W Junctions, two of the crotches are highly orientated in the direction running 
round the crotch but the third crotch is orientated to a lesser degree in the di rectlon running around the 

60 crotch and contains the thicker less orientated zone 1 2. The thicker zones 12 have been formed by the 50 
orientated E-W sides of the mesh openings 5 In Rgure 2b condensing during the E-W stretch while retaining 
some of the earlier orientation. The zone 12 is beneficial because It acts as a tear stopper and stops the E-W 
strands 11 splittling down the middle. However, the structure may be stretched again (say by up to 20%, I.e. 
1^:1, overall after stressing, without stretching, to re-align the second strands 10} In the original direction 

55 (see Rgure 1 d, in order to stretch out the zones 1 2 and produce highly orientated plastics material whose 55 
orientation extends right round the second mesh openings or recesses 5 as well as right round the first mesh 
openings 4. 

The blax structure of Rgure 2/ was made as for that of Rgure 2c, but with less N-S restraint during the 
second (E-W) stretch, being nearthe centre of a laboratory sample. There is a more prominent E-W 
60 alignment. Thicknesses at various points are shown In millimetres. 60 
Figures 3a and 2b correspond to Rgures la and 1c or 1 d, the starting material 1 being different. The 
second h ies or depressions 3 are still substantially spaced from the edges of the respective noti nal zones 
3' which lie between and are tangential to the rews of primary holes or depression 2. The strands 8, 1 0 and 
1 1 in Rgure 3c are not all of the same thickness, the strands 1 1 being thinner than the strands 8, 10 and there 
65 being a ra^rfd thickening at 13. In addition, there are slightly thicker portions 14 In the crotches atthe comere 65 
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of the second mesh opening 5, although all thes crotches are still relatively highly orientated in the direction 
running around th crotch. _^ . 

Rgures 4s to 86 show starting materials and unlax mesh structures made therefrom, the contouring of tne 
uniax mesh structures being Indicated with shading. No details description is necessary. The effect of having 
5 the slot hole 3 E-W In Rgure 5a is to have a more marked zone7 in the unlax structure (Figure 56). This could 5 
be advantageous If a blax structure fs being formed. 

In order to form biax structureSr it Is not necessary that a structure like the uniax structures of Rgures \b or 
26 be formed. The blax structure of figure 2c is formed by the route shown because full N-S relaxation was 
permitted during the second (E-W) stretch. Furthermore, there was some E-W contraction during the first 
1 0 (N-S) stretch, which enabled higher stretch ratios to be applied. In production. It would be more convenient 10 
to carry out the first stretch (N-S) in the MD and the second stretch (E-W) In the TD, This would gwe 
substantially full restraint 

It has been noted that even with pronounced thickenings or tear blockers In the zones 7 (Rgure 26), there fs 
a danger that in some circumstances the E-W stretch can pull the second strands 10 right apart and split the 

15 first strands 8 up their middle. This difficulty can be avoided using the starting material 1 of Figure 2a. 15 
According to the overall stretch ratio applied, the orientation can pass right down the sides of the secondary 
holes of depressions 3, or just reach the secondary holes or depressions 3, or cause the second strands 10 to 
be only partly pulled out, or even stop short of the second strands 10 so that they are not fonned. The latter 
two possibilities can enable a good biax mesh material to be produced, although the stretching is not 

iO balanced (more E-W than N-S). The unbalance can be somewhat corrected by a further N-S stretch. 20 
Better control can however be provided If the E-W pitching of the primary holes or depressions 2 is 
smaller, as shown In Figure 9a. The reduced E-W pitch prevents the first strands 8 disturbing the E-W bar 
because the flr^t strands 8 are too narrow to pull out the zones Indicated as /, The material itself therefore 
imposes a limit to the overall stretch ratio on the first strech, but good biax structures (rather like those of 

25 Figure 3c) can be formed on the second stretch- The area stretch ratio Is reasonably good. For instance, the 25 
overall stretch ratios on the first and second stretches can bo 3:1 and 7: 1 respectively, giving an area stretch 
ratio of 21 : 1 . For some applications, the lack of balance in the blax structure la desirable. 

Figures 1 0a a nd 1 06 correspond to Rgures 9a and 96, but in the case of Rgure 10a, the distance y has been 
reduced by having slots for the secondary holes or depressions 3. Though not shown, this would enable the 

30 effect of Rgure 9a to be achieved even with a larger E-W pitching of the primary holes or depressions 2. 30 
Rgures 11a to 156 show starting materials which are designed for unlax structurea and the uniax 
structures. These need not be described in detail. However, they illustrate that third holes or depressions 15 
can be placed between adjacent prfmaiv holes or depressions 2 In the same row, in effect dividing each first 
strand 8 for part of Its length into at least two side-by-slde portions 1 6 which extend in the N-S direction. 

35 Figures 1 Ba to 216 Illustrate starting materials which are primarily for forming uniax mesh structures, and 35 
the unlax mesh structures formed from those starting materials. The Rgures need not be described In detail. 
However, In general, the bar between the secondary holes or depressions 3 Is weakened or reduced In mass 
by further holes 1 7. In effect, the bar stretches N-S, the further holes or depressions 17 forming further mash 
openings 18, In this case, each interconnecting portion 6, 9 merges with only two second strands 1 0, the 

40 second strands 10 forking from two adjacent first strands 8 in the same E-W row, the Interconnecting portion 40 
6,9 having on one side a first mesh opening 4 and on the other side the further mesh opening 1 8. The 
Interconnecting portion 6, 9 Is generally aligned In the N-S direction with the first mesh opening 4 and the 
further mesh opening 18. In tfits particular case, a recess 17 Is preferably formed, and a membrane can be left 
In the further mesh opening 1 8. It vwuld be seen that each interconnection portion 6,9 Is connected on one 

46 side with the respective Interconnecting portion 6,9 of the next E-W row by means of two generally parallel, 45 
orientated third strands 1 9 extending In the N-S direction. The second and further mesh openings 5, 18 are in 
E-W rows, each such row having alternating second and further mesh openings 5, la The second and 
furthermesh openings 5, 18 are separated by respecth^e further sfrands 19. 
The starting material of Rgure 19a Illustrates that the secondary hole or depression need not be in the 

60 centre, and can be divided, two secondary holes or depressions 20 being shown In the middle of the group of 50 
four primary holes or depressions 2. Tne second mesh opening is likewise divided into two, shown as 21 In 



"?n the implex starting materiel of Rgure 20a, the hole 3 would be as shown, or could be somewhat bigger 
or could be a slot aligned N-S as In Rgure 4a or aligned E-W as in Rgure 5a. 



65 



55 



Ta6/e 

The following Table gives detail of the production f five different unlax squar form structures. Structure 
1 Is In accordance wHh GB 2 073 090A, whereas structures 2 to 5 are respectively in accordance with Rgures 
46 B6 26 and 26 described above. In each case the holes (structure 1 ) or the primary holes 2 (structures 2 to 

60 B) in the starting material passed right through the starting material, were circular and were on a square g rid 60 
with a pitching In each direction equal to double the diameter. The diameter of all the holes was 12.7mm, In 
the case of 6tructures2to 5, the secondary holeapassedrightthroughthe starting material andftscentre 
was equidistant from the centres of the primary holes 2 around it. The length of die major axis f the 
slot-shaped secondary hole of structures 2 and 3 was a3 mm. The length of tiie minor axle of the sec ndary 

65 holes 3 of structures 2 and 3 and the diameter of the secondary holes 3 of structures 4and 5 was 3.175mm. 65 
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All the starting materials were stretched at 99^^. The relath/e stiffness (In gIgaPascafs = Newtons/oi^ x 10®) 
was calculated at 40% of peak load, and corraspondsapproxintatBly to Young's modulus. N are Newtons, KN 
are hiloNewtons. 
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The Table Illustrates the superiority of the structures of the fnventipn verthose of GB2 07309QA.The 
good properties of structure 6 ar^ believed to be due to orientating the second strands 10 to substentially the 
same degree as the first strands 8. In general terms, the primary holes 2 ware on a square grid at 2ivpitch 
and of width (E-W) and length (N-S) w. The secondary holes 3 were significantly smaller, having a width and 
5 length of w/4. 6 

Diamond Form Staring Materials andStructuras 

For Figures 22a to 22c, the starting material 1 has a pattern of primary and secondary holes or depressions 
2, 3 of diamond form* The starting material 1 (see Figure 23a] la Inhially stretched in the N-S direction, 

10 producing the structure of Rgure 23/> where the inclined zones 22 (I.e. on the diagonals) between the Initial io 
primary holes or depressions 2 have been stretched out In long, first strands 23. The N-S zones 24 between 
the secondary holes or depressions 3 adjacent primary holes or depressions 2 have been stretched out Into 
short second strands or ribs 25, interconnected by thicker zones or blobs 26 of unorientated material which 
originally lay In the zones 27 between the secondary holes or depressions 3 and the adjacent aligned primary 

15 holes or depressions 2 In the N-S direction. However, there Is a band of orientated plastics material which 1 5 
passes from one strand 23, along the end or edge 28 of the interconnecting junction containing the blob 26, 
along the second strand 25, and so on. 

In general terms, the unlax diamond form structures have orientated first strands 23, E-W rows of 
generally parallel, spaced, orientated second strands 25, each second strand 25 extending tn the N-S 

20 direction, the respective second strands 25 of alternate E-W rows being generally aligned with one another. 20 
There are also E-W rov\« of Interconnecting portions 26, 28 which comprise unorientated zones 26 or zones 
26 which are substantially less orientated than the mid-polnts of the first strands 23. The Interconnecting 
portions 26, 28 merge vwth the ends of pairs of adjacent second strands 25 in any E-W row of second strands 
25. Pairs of adjacent second strands 25 In the same E-W row interconnect the E-W ends of two aligned 

25 interconnecting portions 26, 28 In adjacent E-W rows. The second mesh openings 5 are each bounded by two 25 
interconnecting portions 26, 28 and two second strands 25. The second mesh openings 5 are In E-W rows- 
The second mesh openings 5 of alternate E-W rows are generally aligned with one another In the N-S 
direction. The respective second mesh openings 5 of suocessh/e E-W rows are staggered, as considered in 
the N-S direction. The respective ends of each first strand 23 merge with the E-W ends 28 of two adjacent 

30 Interconnecting portions 26, 28 of adjacent E-W rows, which Interconnecting portions 26, 23 are staggered as 30 
considered In the N-S direction (see Rgure 22b). The zone where the first strand 23 merges with a particular 
end 28 Is dose to the zone where the aligned second strand 25 merges. The first mesh openings 4 are 
bounded by two pairs of first strands 23, a pair of second strands 25 In the same E-W row, four 
interconnecting portions 26, 28 from adjacent E-W rows and two interconnecting portions 26, 28 from the 

35 next E-W rows on either side of the flret-mentoned E-W rows of Interconnecting portions 26, 28. 35 
Subsequentiy, the structure of Figure 22b or 23* can be stretched In the E-W direction the blobs 26 being 
stretched out Into further short strands 29 (Rgures 23c and 23e with orientated material running ail the way 
round tiie secondary openings or recesses 5, as well as all the way round the first mesh openings 4 (see 
Rgure23e). if desired, the strands 29 can be stretched to the same stretch ratio (on the strands) as that for the 

40 strands 25. It Is preferred that tfie two dimensions Indicated by arrows in Rgures 23a and 24a should be 40 
approximately equal, to produce strands 25, 29 of approximately equal length. 

Rgures 24« to 27b illustrate further diamond form starting materials and unlax mesh structures produced 
therefrom, as well as some biax mesh structures produced therefrom. These need not be described in detail, 
in Rgures 24a, 25a and 26a, the primary holes or depressions 2 in the starting material 1 have a substantially 

46 greater N-S direction than the E-W direction, the primary holes ordepresslons 2 being elliptical in Rgures 45 
24a and 258. 



Genarai 

In general terms, the holes or depressions in the starti ng material can be of any suitable shape, and 

50 suitable shapes ere disclosed hereafter. The holes or depressions which are to form the second mesh 50 
openings can be extremely small or even be simpie piercings witii tiie sides of the holes touching m the 
starting material. The appearance of the stretched structure will depend upon tiie shape, size, pitch and 
pattem of tiie holes or depressions, upon the thickness of the starting material end upon the stretch ratios, it 
will be noted tiiatthe first and second strands could be of equal length, but that It is prefanredto have the 

55 second strands shorterthan the first strands. 

Rgure288howsexamplesof shapes of holes ordepresslons tiiat can be used. For diamond forms, one 
can have elliptical or oblong primary holes or depressions 2 and circular secondary holes 0 r depressions 3, 
asshownin Rgure24aor25a,themajoraxe8oftheelllpsesbeing parallel to the major dimensions f the 
starting material; this avoids wasting material and nables tiie starting material to be narrower. Rounded 

60 ends or corners on the holes or depressions Improve tiie radiuasing of tiie crotch s between adjacent 60 
strands at the junctions. To produce second strands of substantially equal length and orientation, each 
secondary hole of depression 3 in tiie starting material preferably has Its periphery substantially tiie sam 
distance from tiie periphery of each of the four nearest primary holes or depressions 2. If there are tfiird 
holes or depressions 16 present or further holes or depressions 17 present, tfiese can have any suitable 

65 shap , e.g. as shown In Rgure 28. tn addmon to the orientation sh wn In Figure 28, tiie shapes can be turned 65 
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through 45"* or 90^. 

Varf ous hole or depressions sizes can be used. The holes or depressions preferably occupy substantially 
less than 50%, and more preferably less than 25%, of the plan view area of the starting materiaL 
In the specific case of the circular holes shown in Rgures la and 5d, In 4.5 mm thicic HOPE, the larger of 
5 primary holes 2 can be of 6 mm diameter at 12 mm square pitchy the smaller or secondary holes 3 being of 5 
for Instance 3 mm diameter or width or2 mm diameter or width. For the formation of the holes, punching Is 
preferred. If the starting material Is tubular^ It can be punched In flat form as a "lay-flat" tube. However, holes 
or depressions can be formed by continuous casting or embossing or obturating, though it Is difficult to 
achieve accuracy. 

10 The starting matenai can have holes 2, 3, 15, 17 which form open meshes in the final structure, or can have 10 
depressions 2, 3, 15, 17 forming contained membranes which rupture on stretching so that open meshes are 
again formed in the final structure. Alternatively, at least the depressions 3 which are to form the second 
mesh openings, can be arranged such that they do not rupture right through, leaving a membrane in the final 
structure. In such cases, tt Is preferred thatthe membrane should be mid-way between the two faces. The 

15 mesh structures are preferably substantially uniplanar, and in general a uniplanar starting material wlil form 15 
a uniplanar product when stretched In accordance with the invention. 

In general, but particularly In the case of intermediate structures where unorientated or less orientated 
material will normally be present in the junctions. It Is highly desirable, at least for thin materials, that at each 
Junction, the thickness of each strand Is equal to or greater than its width, as this provides a tear block, to 

20 reduce tearing or splitting at or from the Junction, the dimensions bdng measured eititer where the strand 20 
passes Into thejunction or at the mId-poInt of the strand. 

in general terms. It would be possible to carry out both stretching operations simultaneously. 
Nonetheless, the preferred way of carrying out the stretching 13 to perform it in two sequential stages while 
not allowing the structure to decrease In arza along the direction normal to the stretehing operation. It is 

25 believed that, in theory, it does not matter whether the first stretch Ing operation is carried out in the 25 
transverse direction or In the machine direction In a continuous plant, but In practice the first stretching 
operation Is preferably carried out in the machine direction. 

Rgure 29 shows that for instance for fishing nets or garden nets, a substantially straight selvedge can be 
provided by forming a wavy edge 30 on each margin of the starting material. In this way, the selvedges do 

30 not start to stretch before the strands and are not over-stretched, thus avoiding breakage and also applying 30 
to the seh^edge a lower stretch ratio than that of the strands. 

The starting material is preferably not substantially orientated, though melt flow orientation can be 
present The starting material can be In fiat form or tubular. The preferred starting material la strictiy 
uniplanar, by which Is meant that Ignoring any membrane (which may not lie on tiie median plane), all zones 

35 of the starting material are symmetrical aboutthe median plans of the starting material. However, 35 
Insubstantial departures from uniplanarity are not excluded. 

The starting material can have any suitable thickness, though in general terms a range of 0.125 to 12.5 mm 
Is preferred, a narrower preferred range being 0.75 to 6 mm. The starting material can be any suitable 
plastics material, such as for Instance HOPE, low density polyethylene, PP, copolymers of HOPE and PP, and 

40 polyamldes. 40 
in general, substantially all of that part of the starting material which is being subjected to the stretching 
forces would be substantially atthe same temperature. The stretching Is carried out at a temperature above 
the second ordertransition temperature of the plastics material but substantially below the softening point. 
For example, for HOPE, the preferred temperature range Is 95** • 1 10°C and for PP, the preferred temperature 

AS range Is 38'' -120^. 46 
The starting material can have a skin on each face containing an ultra-vioiet stabiliser. To enable the mesh 
structure to be used for laminating, whether to one or more like mesh structures or to one or more different 
materials such as fabric or film, the starting material may have a special layer on one or both faces. This layer 
may be of a substance such as low density polyethylene or ethylene vinyl acetate which melts or becomes 

50 tacky ate temperature at which the main component of the structure would not de-orientate. The layer or GO 
layera could be produced by extrusion coating orcoextruslon. 
Ator stretching, the structures can be annealed In a manner well known. 

Although only three strands may meet at all the junctions In the bulk of a blax structure, there may be 

some junctions at which more than three strands meet 
65 S5 

Retaining or Stabilising Particulate Material 
Structures generally In accordance with the inventi n can be used for retaining or stabilising particulate 

material of any suitable form, such as soil, earth, sand, clay r gravel, and In any suitable locations, such as 

on the side of a cutting r embankment beneath a road surface, runway surface or railway track, beneath e 
eo building or beneath a quay; ft la considered thet the structure may be suitable for preventing retaining walls 60 

being forced out of jsoslti n by the pressure of particulate material behind them. Retaining Is a specific 

instance of stabilising. 

The preferred structure for retaining or stabilising Is the untax square form structure, e.g. of Rgures 2a or 
2b, runlaxdlamondform structure, e.g. of Rgu res 23a or 22b, though ther structures couid be used. 
55 Th m sh structure will normally ba placed roughly parallel to the surface ofthe particulate material, e.g. 65 
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horizontally below a roadway or inclined tf near an embankment or cutting surfec - see Ffgure 30 which 
shows layers of mesh structure 31 . 

Asphalt Reinforcement 

Rgure 31 shows a road having an asphalt layer (aggregate mixed with asphalt) 32 over lying a 
substructure 33. The asphalt layer 32 contains a single layer of uniax mesh structure 34 In accordance with 
the invention, with its E-W direction (direction of higher orientation) transversely of the road. The mesh 
openings must be large enough for the asphalt-coated aggregate to lock through, e.g. up to 70 X 120 mm Cn 
size, and the second mesh openings are preferably likewise sufficiently large. 
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Composite Concrete or Cement Structures 

Figure 32 shows a mass 34 of concrete or cement having therein layers of mash structure 35 In accordance 
with the invention. As for asphalt reinforcement the mesh openings In a biax structure should be sufficiently 
large for the aggregate to lock through; however unlax structures can be used and are preferred In some 
circumstances. 1^ 



CLAIMS 

1. An integral plastics material mesh structure having a pattern of generally octagonal first openings and 

20 second openings which are substantially smallerthan the first openings, each opening being bounded 20 
essentially by a plurality of orientated strands which are interconnected at respective Junctions at 
substantially each of which only three strands meet and the crotches between the strands at the juncdons 
being orientated In the direction running around the crotch. 

2. The structure of Oalm 1, wherein at least one of said crotches, although being orientated In the 

26 direction passing around the crotch, comprises a zone of plastics material which is substandally less 25 
orientated than the mid-points of the strands meeting at that crotch. 

3. The structure of Claim 1 or 2, wherein the strands which are common to a first opening and to a second 
opening are substantially shorter than the strands which are common to two first openings. 

4. The structure of any one of the preceding Oaims, wherein the strands which are common to two first 

30 openings extend generally longitudinally and transversely of the structure, and the strands which are 30 
common to a first opening and to a second opening extend generally diagonally of the structure. 

5. The structure of any one of Claims 1 to 3, wherein the strands which are common to a first opening and 
to a second opening extend generally longitudinally and transversely of the structure, and the strands which 
are common to two first openings extend generally diagonally of the structure. 

36 6. The structure of any one of the preceding Claims, wherein all the strands have been stretched to 35 
substantially the same stretch ratio. 
7. An integral plastics nwterial mesh structure, comprising : 

rows off generally parallel, spaced, orientated first strands, substantially each first strand extending 
generally In a first direction and said rows extending generally In a second direction at right angles to said 
40 first direction, the fir«t strands of one row being genoralh^ aligned with the respective first strands of the next 40 

'^^orientated second strands, each end of each first strand forking into a pair of second strands; and 

rows of interconnecting portions comprising either unorientated zones or zones which are substantially 
less orientated then the mid-points of the first strands, said rows extending generally in said second 

45 direction, each interconnecting portion being generally aligned In said first direction witfi a first opening 46 
formed between two first strands, and respective ends, In said second direction, of the interconnecting 
portions merging witfi tiie ends, in said first direction, of two second strands which fork from two adjacent 
firststrandsofthe same row,the respective ends of each Interconnecting portion also being connected to 
two second strands which in turn foric from two first strands of the next row of first strands; 

50 the first openings being bounded essentially by two adjacent first strands of the same row, two 50 
Interconnecting portions of adjacent rows of Interconnecting portions and foursecond strands foridng from 
the ends of tfie two first stands, and second openings being formed In general alignment with respective first 
strands In said first direction, bounded In part by a pair of second strands which forte from tiie end of tfie 
same first strand. 

55 8. The structure of Claim 7, wherein each first strend is undivided. 65 
a The structure f Claim 7, wherein each first strand Is divided for part of Its length Into at least two 
slde-by-slde portions whfch extend generally In said first direction, 

10. Thestructureof anyoneofaaIm87to9.whBreineachlnterconnectingportion merges with four 

second strands which In turn foric from two aligned pairs of first strands, each second opening being 
60 bounded essentially by a pair of second strands foricing from one first strand, a pairof second strands foridng 60 
from anotiier first strand generelly aligned with thefiret-mentloned first strand In said first direction, and the 
ends of two adjacent Interconnecting portions. 

11. The structure f any one of Claims 7 to 9, wherein each Interconnecting portion merges with only two 
second strands, the s cond strands forking from two adjacent first strands in the same row, the 

65 Interconnecting portion having on one side. In said first direction, a said first opening and on the other side a 65 
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third opening, the interconnecting portion being generally aligned In said first direction with the first 
opening and with the third opening. 

12. The structure of Claim 11« wherein each Interconnecting portion merges on one side, in said ffrst 
direction, wfth two second strands which fork from two a(Uacent first strands In the same row, and Is 

6 connected on the other side wfth the respective interconnecting portion of the next row by mear» of two 5 
generally pa railel, orientated third strands extending generally in said first direction, the second and third 
openings being In rows which extend generally in said second direction, each such row having alternating 
second and third openings, and the second and third openings being separated by respective third strands. 

13. The structure of any one of Claims 7 to 1 2, wherein each Interconnecting portion has a central zone of 

10 plastics matenal which is unorientated or substantially less orientated than the mid-polnts of the first 10 
strands, with ends. In said second direction. In the form of marginal zones on either side of the central zone 
which are orientated generally In said first direction, and thereby provide continuous bands of orientated 
material running right through the structure generally In said first direction, each band comprising a first 
strand, a second strand, the end of an Interconnecting portion, a second strand, a first strand, and so on, 

15 therebemg no abrupt changes In thickness except possibly a thickening wherethe band is comprised by the 15 
ends of the interconnecting portions. 

14. An integral plastics material mesh structure, comprising: 
orientated first strands; 

rows of generally parallel, spaced, orientated second strands, substantially each second strand extending 

20 generally In a first direction and said rows extending generally In a second direction at right angles to said 20 
first direction, the respective second strands of alternatB rows being generally aligned with one another; and 
rows of Interconnecting portions which comprise unorientated zones or zones which are substantially less 
orientated than the mid-points of the first strands, said rows extending generally In said second direction, 
and respective ends, in said second direction, of the interconnecting porttons merging with the ends. In said 

25 first direction, of adjacent second strands In any one row, and adjacent second strands in the same row 25 
Interconnecting the ends, in said second direction, of two Interconnecting portions in adjacent rows which 
are generally aligned In said first direction, thereby forming second openings each bounded essentially by 
two Interconnecting portions and two second strands, the second openings so formed being In rows which 
extend generally in said second direction, the second openings of altemate rows of second openings being 

30 generally aligned with one another In said first direction and the respective second openings of successive 30 
rows of second openings being staggered as considered in said first direction, and respective ends. In said 
lirst direction, of each first strand merging with the ends of two Interconnecting portions of adjacent rows of 
Interconnecting portions, which interconnecting portions are staggered as considered in said first direction, 
thereby forming first openings bounded essentially by two pairs of first strands, a pair of second strands in 

35 the same row, the ends of four interconnecting portions from adjacent rows of interconnecting portions and 35 
two Interconnecting portions from the next rows of interconnecting portions on either side of the 
first-mentioned rows of interconnecting portions. 

16. The structure of Claim 14, wherein each interconnec^ng portion has a central zone of plastics 
material which Is unorientated or Is substantially less orientated than the the mid-points of the first strands, 

40 with ends. In said second direction. In the form of mai^lnal zones on either side of the central zone which are 40 
orientated generally In said first direction and thereby provide continuous bands of orientated material 
running right through the structure generally in said first direction, each band comprising a first strand, the 
end of an interconnecting portion, a second strand, tiie end of an interconnecting portion, a first strand, and 
so on. 

45 1 6. The structure of any one of Claims 7 to 1 5, wherein the second strands are orientated to substantially 45 
the same degree as the first strands. 

17. A method of producing an integral plastics material mesh structure, comprising: 

providing a substantially unlplanar plastics starting material comprising a regular pattern of primary holes or 
depressions, and, between the primary holes of depressions, secondary holes or depressions which are 
50 substantially smaller than the primary holes or depressions; end stretching the plastics material to draw out 50 
and orientate the zones between adjacent holes or depressions to form orientated strands which are 
Interconnected at respective junctions at substantially each of which only three strands meet, the crotches 
between the strands at the junctions being orientated In the direction running around the crotch. 

18. The method of Claim 1 7, wherein at least one of the crotches between the strands at a junction 

55 comprises a zone of plastics material which Is substantially less orientated than the mid-polnts of the strands 55 
meeting at that crotch. 

19. ThamethodofDaim17or18,whereinthaprimaryh les or depressions have their centres on a 
notional, substantially parallelogram grid and at least some of the secondary holes or depressions have their 
centres displaced along a diagonal of the grid by approximately half the distance between two primary holes 

60 or depressions which are adjacent in the diagonal sensa 60 

20. The method of Claim 13, wherein the starting rnaterial Is stretched In two dlrecti ns sui>stantiaily 
parallel to the sides of the grids. 

21 . Th method of Claim 19, wherein the starting material Is stretched In two directions each making a 
substantial angle with the sides of the grids. 

65 22. Th meth dofanyoneof Claims 19 to 21, wherein the grids are rectengular. 65 
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23. Th meth d of any one of Claims 17 to 22, wherein the starting materlaUs stretched 
aubstantlaily at right angles to form the ori ntated strands. 

24 The method of any one of Claims 17 to 23, wherein the starting material fsstretched in a first direction 
and IS subsequently stretched in a second direction, to form the orientated strands. 
5 25. The method of Claim 24, wherein the structure fs subsequently again stretched a small amount In the 5 
first direction. 

26. The method of any one of Claims 17 to 25, wherein the periphery of each said secondary hole or 
depression in the starting material is substantially the same distance from the periphery of each of thefour 
nearest primary holes or depressions. 
10 27. Amethodof makingthestructureofanyoneofCIaims7to16,comprising: 10 
providing a substantially unlplanar plastics starting material having therein a regular pattern of primary 
holes or depressions, and between the primary holes or depressions, secondary holes or depressions which 
are smaller than the primary holes or depressions; and 
stretching the starting material in a single axis stretching operation to form the strands. 
15 28. A method of making an 1 ntegral plastics material mesh structure, comprising ; 1 5 

providing a substantially uniplanar plastics starting material comprising a regular pattern of primary holes 
or depressions having their centres on a notional, substantially parallelogram grid, and, between the 
primary holes or depressions, secondary holes or depressions having their centres approximately displaced 
along a diagonal of the grid by half the distance between two primary holes or depressions which are 
adjacent In the diagonal sense; and 20 

stretching the starting material In a single axis stretching operation to draw the material out Into a mesh 
structure comprising orientated strands Interconnected by interconnecting portions which comprise 
unorientated zones or zones which are substantially less orientated than the strands, which mesh structure 
comprises first openings and second openings. 

29. An Integral plastics material mesh structure made by the method of any one of Claims 17 to 2a 25 

30, A blaxially-stTBtehed plastics material mesh strucbjre, substantially as herein described with 
reference to, and as shown in, any one of Rgurea 1 c, 1 rf, 2c. 21. 3/», 3c, 22c, 23c, 23©, or 24c of the 
accompanying drawings. -u ^ t u 

31 A uniaxial ly-stretched plastics material mesh structure, substantially as herein descnbed with 
30 reference to, and as shown in, any one of Figures ^b,2b- If, 2g, 2h. Ab, Bb, 66, 7b, Bb, Bb, 10/), 1 16, ^2b,^3b, 30 
^Ab. 16/>, 16/), ^7b, 1 Bb, 19/), 20b, 21/), 22/), 23/), 24b, 2Sb. ZBb, or 27b of the accompanying drawings. 

32. Any method of Claims 17, 27 or 28, and substantially as herein described with reference to the 

accompanying drawings. j^o* 

33. Acompcsltestructurecomprisingthemeshstructureofanyoneof Claimsl to ieand29to3i, 

36 buried In the ground. ^o^* ^ 

34. A composite structure comprising the mesh structure of any one of Claims 1 to 15 and 29 to 31, 
Incorporated in a layer of asp halt 

35. A composite structure comprising the mesh structure of any one of Dal ms 1 to 1 6 and 29 to 31 , 
incorporated in cement or concrete. 
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